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The Information Sciences and Human Factors (IS&I-IF) Division is one of the five divisions that comprise
NASA's Office of Aeronautics and Space Technology (OAST). This division sponsors research in both
aeronautical and space technology. This Annual Report documents the most significant accomplishments
during the past year. Each year, the Annual Report is prepared to serve as the primary mechanism for
coordinating NASA activities with industry and industrial IR&D managers. This document is also intended
to communicate significant technical accomplishments to NASA technologists, project engineers, other govern-
ment agencies and academia.
The IS&HF Program consists of seven major elements: Automation and Robotics, Computer Sciences, Com-
munications, Controls and Guidance, Data Systems, Human Factors, and Sensor Technology. Accomplishments
are presented in all seven categories: Controls and Guidance and Human Factors are shown in two sections,
Space and Aeronautics. Total program funding, including civil service manpower costs, for FY88 is shown
below.


















The NASA Civil Space Technology Initiative (CSTI) will be initiated in FY88 with the goal of revitalizing
the nation's civil space technology capabilities and enabling more efficient, reliable and less cosily space
transportation and earth orbit operations. The IS&I-IF Division will have focused CSTI technology activities
in High Speed/Capacity Data Systems, Science Sensors, Automation and P,ob_cs. Funding for these activities
are included above. In FY89 another new initiative, Pathfinder, is being planned. The objective of Pathfinder
will be to develop and validate critical enabling technologies for furore exploration missions. It is anticipated
Pathfinder will include focused Information Sciences and Human Factors activities in Planetary Rover
Technology, Optical Communications, Human Factors/Life Support, Automated Rendezvous and Docking,
Adaptive Hazard Avoidance Landing, and Photonic Systems.
To aid in the communication of program efforts, the names and phone numbers of Headquarters program
managers are included in this report along with the names and phone numbers of the key center technologists
who conducted or managed the significant technology activities.
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Spaceborne VHSIC Multiprocessor System (SVMS)
Prototype Development for the Thermal Expert System (TEXSYS)
Probabflistic Reasoning Approach Applied to Astrophysics Data
Intelligent Communicating Agents
STS Flight Control Room Operations--INCO Expert System Operational Readiness
Demonstration Prototype
Diagnostics and Control for Launch Processing Systems
Space Station Power Subsystem Automation
Control of Multiple Robot Arms
Space Truss Assembly Using Teleoperated Manipulators
Vision-Based Satellite Tracking and Robotic Grappling
Operator Interface
Beam Assembly Teleoperator (BAT)
Satellite Robot Simulator Vehicle
COMMUNICATIONS SYSTEMS
Efficient XBand Solid State Power Amplifier Technology
Efficient Ka-Band Solid State Power Amplifier Technology
Electro-Optical Testing of MMIC Modules
Controls Structure Electromagnetics Interaction Program
Reflector Distortion Analysis and Compensation
High Power Laser Diodes for Space Communications Systems
High Efficiency Lasers
Integrated Optical Communication Test Bench
COMPUTER SCIENCES
Advanced Computer Science at RIACS: Reaching for Tomorrow's Scientific Computing
ICASE Computer Science Research
Illinois Computing Laboratory for Aerospace Systems and Software
Distributed Access View Integrated Database (DAVID)
Intelligent Data Management Processes
Knowledge-Based Expert System for Hyperspectral Image Analysis (Spectrum)
Concurrent Processing Research
Computationally Efficient Tools for Parallel Processor Performance Prediction
Optical Processing
Graphical Comparison of Experimental and Computational Results
A New Concept in Distributed Operating Systems (DOS)
Software Management Environment
A UNiX-Based Software Engineering Testbed
Software Automation, Generation and Administration (SAGA)











































Takeoff Performance Monitoring System
Evolutionary Tune-Based Terminal How Control Concept
Crew Station Research and Development Facility
Automated NOE Flight-Mission Planning
Reconstruction of Low-Level Microbursts
Demonstration of Automation Tools for Control of Air Traffic
In-Hight Monitoring of the Dynamic Stability Levels of Airplanes With Highly Relaxed
Static Stability
Helicopter Terrain Following/Terrain Avoidance Hight Path Guidance
TSRV Experimental System Upgrade Complete
Developed Message-Exchange Concept--Application to Air-Ground Data Link
CONTROLS AND GUIDANCE--SPACE
-AIPS-Advanced Information Processing System
Fiber Optic Rotation Sensor (FOP,S)
Large Space Structure Control Technology
Development of the Spacecraft Control Laboratory Experiment (SCOLE) Facility
Autonomous Adaptive Control Subsystem Development
Spatial High Accuracy Position Encoding Sensor (SHAPES)
Optimal Trajectories for Future Aeromaneuvering Vehicles
Attitude Control System Synthesis for the HOOP/COLUMN Antenna Using the
LOG/LTR Method
On-Orbit System Identification
Distributed Parameter Modeling of the Structural Dynamics of the Solar Array Hight
Experiment
DATA SYSTEMS
Very High Speed Integrated Circuit Multiprocessor Technology
MAX: An Advanced General Purpose Computer for Space
GaAs Adaptive Programmable Processor
Fiber Optic Integrated Circuit Transceiver
Spaceflight Optical Disk Recorder
Hight SAR Processor
Hierarchical Warp Stereo Algorithms on NASA's Massively Parallel Processor
RIACS Sparse, Distributed Memory (SDM)
Electronic Neural Networks with Modifiable Synapses
HUMAN FACTORS--AERONAUTICS
Traffic Alert and Collision-Avoidance System (TCAS)
Aviation Safety Reporting System (ASRS)
Information Transfer in the National Airspace System (NAS)
Field Studies of Advanced Technology in Transport Aircraft
Individual Crew Factors
Procedure Error Detection and Error Tolerant Systems
Developed Prototype Onboard Fault Monitoring and Diagnosis Expert System
Army-NASA Aircrew/Aircraft Integration Program (A3I)













































Validation of Workload Measures
Mental State Estimation
Validated Wind Shear Model Thru Comparison With DFW/Delta Airlines Microburst
Event
Manned Vehicle Systems Research Facility, FY87 Accomplishment Highlights
HUMAN FACTORS--SPACE
AX-5 Hard Space Suit and Neutral Buoyancy Test Facility for EVA (NBTF)
Human Capabilities in EVA
Helmet Mounted Display Human Factors
Virtual Workstation
Interactive Spatial Instruments and Proximity Operations Displays
Computational Models of Human Vision
Operator Function Models
Human Interface With Expert and Planning Systems
Thermal Expert System Human Interface (FIITEXS)
Crew Station Human Factors
Three-Dimensional Auditory Display
SENSOR TECHNOLOGY
Ti:A1203 (Titanium Doped Sapphire) Laser Development
HgZnTe Materials and Device Development
Long Wavelength Heterodyne Development
Quantum Well Local Oscillator Sources
Orifice Pulse Tube Refrigerator
Tunnel ]unction Mixer Program





































Spaceborne VHSIC Multiprocessor System (SVMS)
Thermal Testbed Inside Vacuum Chamber at Johnson Space Center
AUTOCLASS--Automatic Class Discovery from Data
Intelligent Agents Cooperating in Site Preparation for a Martian Base
The Shuttle Mission Control Center Provided the Environment for Evaluating Real-Time
Expert Systems Through the Flight Control Demonstration Program
Shuttle Launch
20 KHz Power Testbed at Lewis Research Center
Dual Robot Arm Control
Teleoperator Structural Assembly Task
Grappling of Spinning Satellite Using Machine Vision and Force Control
Operator Interface
Beam Assembly Teleoperator
Satellite Robot Simulator Vehicle
COMMUNICATIONS SYSTEMS
Efficient X-Band Solid State Power Amplifier Technology
Efficient Ka-Band Solid State Power Amplifier Technology
Testing of MMIC Modules by Means of High Speed Optical Sampling
CSEI RF Performance Optimization
Reflector Distortion Analysis and Compensation
OAST Developed High Power Laser Diodes for Space Communications
High Efficiency Lasers
Integrated Optical Communication Test Bench
COMPUTER SCIENCES
Advanced Computer Science at RIACS
ICASE Computer Science Research
ICLASS lllinois Computing Laboratory for Aerospace Systems and Software
Distributed Access View Integrated Data Base
Intelligent Data Management/User Interface Subsystem
Knowledge-Based Expert System for Hyperspectral Image Analysis (Spectrum)
Concurrent Processing Research
Computationally Efficient Tools for Parallel Processor Performance Prediction
Optical Pattern Recognition
Comparison of Experimental and Computational Simulation
CLOUDS Object Structure--Simple Action/Object Activity
Software Management Environment
Software Engineering Testbed
SAGA-NASA Software Acquisition Life Cycle













































Crew Station R and D Facility
Automated NOE Helicopter Flight
Wind Vectors in the Dallas/Fort Worth Microburst Reconstructed From Two Aircraft
Air Traffic Control Simulation Facility
Flight-Determined Frequency Response for Unstable Airframes
TF/TA System Block Diagram
TSRV Research Flight Deck in the ATOPS B737 Aircraft
ATC Message Examples Displayed on CDU
CONTROLS AND GUIDANCE--SPACE
Advanced Information Processing System
Fiber Optic Rotation Sensor (FOILS)
The Current Large Space Structure Control Technology Test Configuration
Spacecraft Control Laboratory Experiment Test Article
Autonomous Adaptive Control Technology
Shapes Technology Demonstration
Optimal Trajectories for Aeroassisted Orbital Transfer
Loop-Gain for the Final Design
Integrated System Identification Approach
Parameter Identification on Solar Array
DATA SYSTEMS
TI VHSIC 1750A Processor in Test Stand
MAX Flight Multi-Computer
Ga-As Adaptive Programmable Processor
Fiber Optic Integrated Circuit Transceiver
Expandable Optical Disk Recorder Concept
Flight SAR Processor Task
Perspective View of Land Topography at India's Northeast Border With Bangladesh Com-
puted From Overlapping SAR Images From the SIR-B Instrument
Robot Incorporating Space Distributed Memory (SDM)
Electronic Neural Networks
HUMAN FACTORS--AERONAUTICS




Fatigue and Circadian Factors in Flight Crew Performance
Boeing 727 Cockpit Procedures
Faultfinder Display Output
Army-NASA Aircrew-Aircraft Integration Program (A3I)
Visual Motion Sensing
Heading Control While Using Helmet-Mounted Displays













































CrewState and Flight System Status Monitor
DFW Microburst Event vs Model Prediction
Manned Vehicle Systems Research Facility
HUMAN FACIORS--SPACE
AX-5 Hard Space Suit
Strength Data Are Collected in Zero G During Parabolic Flight
HMD Design Concepts
Head-mounted Wide-angle Stereoscopic Display System
Approach Along the Space Station's Velocity Vector
The Schematic Head
Operator Function Models
Human Interface With Expert and Planning Systems
HITEXS Internal Structure
Crew Station Human Factors
3-D Auditory Display: Synthesis Technique
SENSOR TECHNOLOGY
Characterization of Ti:Al203 Laser Material
HgZnTe Material Development
Array of Interdigitated-Electrode 28-/zm HgCdTe Photomixers
Submillimeter Local Oscillator Source Quantum Well Sources
Orifice Pulse Tube Refrigerator
Superconductor-Insulator-Superconductor Tunnel Junction Mixer Program
Solid-State Photomultiplier for IR Astronomy
Imaging X-Ray Spectrometer for 1 to 30 KeV
Whiskerless Schottky Barrier Diode































OAST created the Civil Space Technology Initiative (CSTI) as a flve-year effort
to improve by an order of magnitude NASA space technology. Of particular
concern has been the cost of NASA ground and flight operations, such that the
CSTI program has focused significant resources on development and demonstration
of automation and robotics technologies for space applications. Artificial
Intelligence and Telerobotlcs when applied to the space environment have the
capability to significantly improve productivity and enhance safety, as well as
reduce the cost of NASA operations.
The automation and robotics program is divided into two areas, with Autonomous
Systems focusing on the automation of control systems for the Space Station and
mission operations and Telerobotics focusing on automation for in-space
servicing, assembly, and repair. Each has a planned sequence of integrated
demonstrations showing the evolutionary advance of the state-of-the-art.
Applications demonstrations are planned at NASA Mission Centers for the
transfer of the technology into the operations environment. Underlying the
demonstrations are five research areas that will develop expertise in: sensing
and perception; planning and reasoning; control execution; operator interface;
and systems architecture and integration. Coordination with DARPA's A&R
program is achieved since NASA acts as a DARPA agent. Memoranda of
Understanding have been developed with Space Station for the transfer of OAST
developed technologies to the Flight Telerobotlc Servicer and the Thermal and
Power Control Systems.
FY87 has seen the establishment, and significant initial accomplishments of the
A&R program. The Telerobotics Program has achieved a major milestone towards
completion of their first major technology demonstration through the vision-
based tracking of a spinning satellite (once it is initialized by a human-
guided graphic overlay), and the synchronized positioning of the manipulator
arms. Three applications demonstrations were completed using the Beam Assembly
Teleoperator. The applications were: assembling beam elements into a space
structure; using a general control structure for coordinated movement of
multiple robot arms; and using the Oak Ridge National Laboratory's teleoperated
manipulator to recreate the Access experiment. The Autonomous Systems Program
has achieved a major milestone towards the Space Station Thermal Control Expert
System technology demonstration through the completion of System Build I which
has led to the development of the Model Tool Kit. Accomplishments toward
completion of applications demonstrations have occurred with the development of
an operational readiness prototype expert system for the monitoring of the
Shuttle communications systems and initial integration of the KATE and GMODS
for diagnostics and control of the Shuttle Environmental Control System.
Major research goals were accomplished in the areas of: operator interface;
systems architecture and integration; and planning and reasoning. In the
operator interface element higher-performance force reflecting hand controllers
and triggers were tested for teleoperation. In the systems architecture and
integration element, the first design of the spaceborne symbolic processor was
completed with a reconfigurable, radiation resistant, fault-tolerant
architecture. In the planning and reasoning element, a collaborative effort
with DARPA began on research of intelligent communicating agents while the
Autoclass probabilistic reasoning system produced striking new classes of
spectral objects when applied to IRAS data.
In addition to the CSTI technologies, OAST has Been reviewing the technology
requirements for future planetary and lunar missions, and has packaged these
into the new initiative called Pathfinder. In the area of exploration a
significant amount of automation and robotics research will Be focused on the
development of a planetary rover that would act in the place of humans in the
scientific discovery of the moon and Mars - semi-autonomously, with only
occasional communication and direction from Earth. This is a challenging
problem in that the rover would effectively be a mobile laboratory with its own
instrumentation, tools and intelligence for self-navlgatlon, and rock sample
acquisition and analysis. This development effort is a requirement unique to
NASA, and it will build on the in-house expertise in automation and robotics
which has resulted from the CSTI program.
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